Introduction {#S1}
============

Weapon-carrying in adolescents, including possession of firearms, knives, or clubs, is a common type of youth violence that is a persistent concern in the United States and other countries. In a cross-national study, 10%--12% of boys and 2%--5% of girls reported having carried a weapon ([@B31]). In the United States, 15.7% of adolescent students carried a weapon and 3.8% carried a weapon on school grounds in 2017 ([@B7]). Weapon-carrying has been associated with heightened risk of mental and physical health problems, including depression, suicidal ideation, disordered eating, sexual victimization, and severe injuries requiring hospitalization ([@B30]; [@B31]; [@B39]). In addition, those who used weapons in fights were more likely to be regular smokers and sensation seekers, practice unsafe sex, and have poor family relationships ([@B44]).

Inasmuch as an estimated 60%--70% of North American youth have reported gambling and up to 10% of adolescents and young adults in the US have reported gambling problems in the past year ([@B3]; [@B48]), growing evidence point to a consistent relationship between weapon-carrying and problem gambling. Findings from the Centers for Disease Control and Prevention Youth Risk Behavioral Survey have shown that violence including carrying a weapon and physical fighting was associated with greater likelihoods of past-year gambling and gambling problems, and remained significant even after controlling other risky behaviors of substance use and sexual activity ([@B36]). Furthermore, adolescents who carried a weapon were nearly three times more likely to have gambled in the past year ([@B14]). Similarly, individuals with problem gambling have greater odds of weapon-carrying, firearms carrying, as well as physical violence ([@B8]; [@B35]; [@B42]).

Both adolescent gambling and weapon-carrying are problem behaviors that share associations with negative health/functioning, including substance use, poor academic performance, depression, and delinquency ([@B8]; [@B28]; [@B51]). A problem behavior theory proposes that youth risky behaviors associated with weapons-carrying and gambling commonly co-occur from person--environment interactions and both may be contributing factors to a larger complex syndrome of "multiproblem" behaviors that portend serious health concerns ([@B11]; [@B18]; [@B21]; [@B32]). Consistent with problem behavior theory, problem gambling and weapon-carrying were hypothesized to be linked through shared vulnerabilities, particularly in impulse control, family/peer relationships, and their interactions with youth environments ([@B28]; [@B47]).

Together, findings suggest that problem gambling and weapon-carrying impact subsequent health and function, and are strongly associated in adolescents. However, differences in complex health/functioning characteristics and gambling behavior correlates of problem gambling between adolescent students of different weapon-carrying status remain poorly understood. In addition, although both problem gambling and weapon-carrying are related to risk behaviors, few studies have directly examined interactions between problem gambling and weapon-carrying status on health/functioning ([@B21]). Understanding these relationships is critical to advancing prevention efforts focused on both gambling and weapon-carrying behaviors among youth.

Hence, this study examined the relationship between problem gambling severity and health/functioning, and gambling behaviors in adolescents stratified by weapon-carrying status. We hypothesized that weapon-carrying would be associated with more severe problem gambling; adolescents with weapon-carrying would have more permissive gambling perceptions and view problem gambling preventions as less important; and the relationship between problem gambling severity and health/functioning and gambling characteristics would differ between weapon-carrying and non-weapon-carrying adolescents.

Participants in this study have reported a variety of risky behaviors, and include adolescents who may carry a weapon for self-defense, to perpetrate violence, or both. Previous findings have shown that adolescent victimization and perpetration of violence and bullying are associated with weapon-carrying ([@B12]; [@B13]; [@B46]). Both bullying victim and perpetrator status were shown to mediate obesity and weapon-carrying relationships, suggesting that significant health problems may occur in adolescents who attribute weapon-carrying to either violence perpetration or victimization ([@B22]). Adolescent perpetrators of violence are often also bullying victims and carry a weapon consequent to having experienced violence ([@B13]; [@B23]). Indeed, recent evidence showed that adolescents who perpetrated and were victims of bullying through electronic venues (i.e., cyberbullying) were 2.65 times more likely to prospectively report weapon-carrying 1 year later ([@B25]). As it is difficult to determine motivations for weapon-carrying, participants who endorsed weapon-carrying in this study were considered as a whole, as there was no indication for the rationale of weapon-carrying.

Methods {#S2}
=======

Recruitment and survey characteristics {#S2a}
--------------------------------------

Recruitment, consenting procedures, and sample characteristics have been reported previously ([@B35]; [@B40]; [@B52]). Briefly, invitations were extended through mailing 122 letters and follow-up calls to principals of 4-year and non-vocational or special-education high schools in Connecticut, USA. Seventy-eight schools did not respond and 13 declined. Additional targeted recruitment, conducted to ensure representation of all four geographical quadrants of Connecticut, and schools from the three tiers of the state's family-socioeconomic-status-related district reference groups, yielded 10 schools that participated in the survey. Adolescents were surveyed over one academic year. For each school, the survey was administered on a single day by the research team. There was no monetary compensation and refusal rate was \<1%.

Descriptions of the variables and classification of responses were previously presented ([@B35]; [@B40]; [@B51]). The survey contained 154 questions assessing demographic characteristics, health/functioning measures, gambling (defined as "any game you bet on for money or anything else of value"), and items derived from established measures (e.g., Massachusetts Gambling Screen by [@B41]). For this study, 2,301 adolescents completed the weapon-carrying measure and all 12 questions corresponding to inclusion criteria for problem/pathological gambling.

Measures {#S2b}
--------

### Demographic characteristics {#S2b1}

As reported previously ([@B40]; [@B51]), sample demographics were consistent with findings reported in the 2000 Census of Connecticut residents aged 14--18 years. Demographic variables controlled for herein regarding adolescent problem gambling severity included gender, race/ethnicity, grade in school, and family structure (e.g., living with one parent).

### Problem gambling severity {#S2b2}

Problem gambling severity was assessed using the Massachusetts Gambling Screen ([@B41]), a validated self-report assessment tool based on DSM-IV criteria for pathological gambling ([@B2]; [@B50]). The Massachusetts Gambling Screen (MAGS) was developed to yield an index for pathological gambling. Subscales had adequate reliability (Cronbach's α = .83--.87). For predictive validity, the instrument was able to classify 96% of students as having pathological or non-pathological gambling ([@B41]).

### Weapon-carrying {#S2b3}

Weapon-carrying status was assessed using the question "During the past 30 days, on how many days did you carry a weapon, such as a gun, knife, or club?" This item is consistent with previous studies that similarly assessed weapon-carrying regardless of weapon type ([@B12]), or combined different weapon types into one factor ([@B22]).

### Gambling perceptions {#S2b4}

Adolescent perceptions of gambling and the importance of preventing problem gambling were assessed as described previously ([@B42]; [@B51]). Participants indicated the importance (important/not important) on 15 items regarding gambling prevention approaches. Examples include "Checking identification for purchasing lottery tickets," "Hanging out with friends who do not gamble," and "Participating in activities that are fun and free of gambling." In addition, participants reported on perceived parental perceptions toward gambling (disapprove, approve, or neither) with the item "How do you think your parents would feel about you gambling, even once or twice, over the next 12 months?" Adolescents' perceptions of having family gambling problems (yes/no) were assessed with the question, "Has the gambling of a close family member caused you worry or concern?"

### Health/functioning {#S2b5}

As previously described ([@B42]; [@B51]), health/functioning measures assessed the following domains: grade average, engagement in extracurricular activity (yes/no), lifetime regular tobacco smoking (never, occasionally, and regularly), lifetime marijuana use (yes/no), lifetime other drug use (yes/no), lifetime (yes/no) and past-30-days alcohol use \[never, regular (1--5 days), light (6--9 days), moderate (10--19 days), and heavy (20--30 days)\], and past-year sadness or hopelessness for ≥2 consecutive weeks (yes/no). Height and weight were assessed to calculate body mass index (BMI). BMIs were categorized as underweight (≤18.5), normal weight (18.6--24.9), overweight (25--29.9), and obese (≥30).

### Gambling characteristics {#S2b6}

Participants with past-year gambling responded on the presence (yes/no) of different gambling characteristics including: gambling location (online, school grounds, and casino), gambling triggers (pressure and anxiety), gambling reasons (excitement, financial, escape, and social), gambling partners (family, friends, other adults, strangers, and alone), time spent gambling per week (≤1 and ≥2 hr), and gambling age of onset (≤8, 9--11, 12--14, and ≥15 years old). Gambling types were classified into strategic gambling (i.e., so-called "games of skill" involving chance), non-strategic gambling (i.e., "games of chance" not involving skill), and machine gambling as previously defined ([@B51]). Machine gambling was determined by endorsement of having wagered on slot machines, poker machines, or other gambling machines.

Procedure {#S2c}
---------

### Problem gambling severity groups {#S2c1}

Participants were stratified into three problem gambling severity groups based on MAGS responses. Adolescents with no past-year gambling were classified as non-gambling (NG). As in prior studies ([@B35]; [@B42]; [@B51]; [@B52]) and US national epidemiological samples ([@B10]; [@B33], [@B34]), adolescents with past-year gambling but no diagnostic criteria were classified as low-risk gambling (LRG). Adolescents who endorsed one or more criteria were classified as at-risk/problem gambling (ARPG). Among the 2,301 adolescents, designations included 406 (17.6%) with NG, 1,254 (54.5%) with LRG, and 641 (27.9%) with ARPG. For follow-up analyses, adolescents with gambling were also stratified based on the number of endorsed pathological-gambling criteria ([@B34]). Of the 1,895 adolescents who gambled, designations included 1,254 with 0 inclusionary criteria (66.2%), 405 with 1--2 criteria (21.4%), 115 with 3--4 criteria (6.1%), and 121 with ≥5 criteria (6.4%).

### Weapon-carrying groups {#S2c2}

Adolescent were also stratified into two weapon-carrying groups. Those who gave a response of 0 days in which they carried weapons were designated as non-weapon-carrying, and responses greater than 0 were designated as weapon-carrying. Among the 2,301 adolescents in this study, 599 (26%) reported weapon-carrying.

Statistical analyses {#S2d}
--------------------

As described previously ([@B42]; [@B51]), data were double-entered and random spot-checks of completed surveys were performed to ensure accuracy. Statistical analyses were conducted using SPSS 24 (Armonk, NY, USA). Pearson's χ^2^ analyses (two-tailed) compared demographic characteristics and gambling perceptions stratified by weapon-carrying status. A Bonferroni correction for multiple χ^2^ comparisons was applied such that *p* values of *p* ≤ .0025 were considered significant. Logistic regression models were constructed for binary outcomes and multinomial logistic regression models for categorical outcomes, stratified by weapon-carrying status, to calculate odds ratios (ORs) and 95% confidence intervals for the association between problem gambling severity and dependent variables. To determine the interaction between weapon-carrying status and problem gambling severity on dependent variables, main effects of weapon-carrying status and problem gambling severity, and the interaction term (weapon-carrying by problem gambling severity), were included in the models. All interaction models were adjusted for gender, grade level, race, and family structure and significance was set at *p* ≤ .05.

Ethics {#S2e}
------

Among schools that were interested in participating, permission was obtained from school boards and/or superintendents as necessary. The institutional review board at Yale University and all data collection sites approved the passive parental consent and student assent procedures. Letters were sent to parents to provide information about the study and instructed them to contact the school should they deny the permission. Students were given the opportunity to decline participation. All procedures performed in human participants were in accordance with the ethical standards of the institutional and/or national research committee and with the 1964 Helsinki Declaration and its later amendments or comparable ethical standards.

Results {#S4}
=======

Demographic characteristics {#S4a}
---------------------------

Demographic data are shown in Table [1](#T1){ref-type="table"}. Among weapon-carriers, 78% were male and 21.7% were female, and 16.3% of weapon-carrying adolescents were aged ≤14 years, 68.4% were between 15 and 17 years, and 15.3% were ≥18 years. Among these students, 33.6%, 24.5%, 28.4%, and 13.4% attended 9th, 10th, 11th, and 12th grades, respectively. Furthermore, 69% of weapon-carrying adolescents identified as Caucasian, 14.1% as African American, 5.9% as Asian American, 20.6% as Hispanic, and 19.5% as "other race." Weapon-carrying status was associated with problem gambling severity. Weapon-carriers reported ARPG (46.9%) more frequently relative to non-weapon-carriers (21.2%). Among adolescents who gambled, weapon-carrying was associated with problem gambling severity levels (*p* \< .001). Weapon-carriers reported 1--2 (26.3%), 3--4 (9.4%), and ≥5 (15.0%) criteria more frequently relative to non-weapon-carriers (19.3%, 4.7%, and 2.8%, respectively). Based on the sample characteristics, the study may not be sufficiently powered to reliably examine further interactions by multiple demographic variables (e.g., gender) between different weapon-carrying and problem gambling severity groups.

###### 

Sociodemographic characteristics stratified by weapon-carrying status

                                   Non-weapon-carrying (*N* = 1,702)   Weapon-carrying (*N* = 599)                         
  -------------------------------- ----------------------------------- ----------------------------- ----- ------ -------- ---------
  Gender                                                                                                          162.06   \<.0001
   Male                            810                                 48                            459   78              
   Female                          877                                 52                            127   21.7            
  Race/ethnicity                                                                                                           
   Caucasian                                                                                                      3.97     .046
    No                             454                                 26.7                          184   31              
    Yes                            1,245                               73.3                          410   69              
   African American                                                                                               7.64     .006
    No                             1,529                               90                            510   85.9            
    Yes                            170                                 10                            84    14.1            
   Asian                                                                                                          1.44     .230
    No                             1,620                               95.4                          559   94.1            
    Yes                            79                                  4.6                           35    5.9             
   Hispanic                                                                                                       14.49    \<.0001
    No                             1,398                               86.1                          451   79.4            
    Yes                            225                                 13.9                          117   20.6            
   Other                                                                                                          5.39     .020
    No                             1,437                               84.6                          478   80.5            
    Yes                            262                                 15.4                          116   19.5            
  Grade                                                                                                           12.48    .006
   9th                             482                                 28.4                          200   33.6            
   10th                            440                                 25.9                          146   24.5            
   11th                            454                                 26.7                          169   28.4            
   12th                            322                                 19                            80    13.4            
  Age (years)                                                                                                     .03      .990
   \<14                            213                                 16.4                          77    16.3            
   15--17                          888                                 68.6                          322   68.4            
   \>18                            194                                 15.0                          72    15.3            
  Family structure                                                                                                33.44    \<.0001
   One parent                      350                                 20.9                          170   29              
   Two parents                     1,235                               73.6                          359   61.3            
   Other                           93                                  5.5                           57    9.7             
  Problem gambling severity                                                                                       165.61   \<.0001
   Non-gambling                    362                                 21.3                          44    7.3             
   Low-risk gambling               980                                 57.6                          274   45.7            
   At-risk/problem gambling        360                                 21.2                          281   46.9            
  Pathological gambling criteria                                                                                  146.80   \<.001
   None                            980                                 73.1                          274   49.4            
   1--2 symptoms                   259                                 19.3                          146   26.3            
   3--4 symptoms                   63                                  4.7                           52    9.4             
   ≥5 symptoms                     38                                  2.8                           83    15.0            

*Note.* Total sample size (*N* = 2,301). Percentages presented separately within weapon-carrying and non-weapon-carrying groups.

Gambling perceptions {#S4b}
--------------------

χ^2^ results on gambling perceptions are shown in Table [2](#T2){ref-type="table"}. A range of 55.8%--71.1% weapon-carrying adolescents rated gambling prevention and non-permissive measures as important, whereas a range of 66.5%--90.8% was found in non-weapon-carriers. Weapon-carriers, compared to non-weapon-carriers, were more likely to rate parental oversight and non-involvement in gambling as not important including: not having access to Internet gambling at home, parent/guardian strictness about gambling, warnings from adults in family, learning about the risks of gambling from parents, having parents who do not gamble, adults not involving kids in gambling, and parent/guardian not permitting card games at home. Weapon-carriers were also more likely to rate environmental context and peer non-involvement in gambling as not important including: checking identification for purchasing lottery tickets; participating in activities that are fun and free of gambling; advertisements that show the problems associated with gambling; learning about the risk of gambling in school; hanging out with friends who do not gamble; warnings from, or listening to, peers; and learning about risks of gambling from peers. In addition, weapon-carriers reported greater parental approval of adolescent gambling and having concern for a close family member's gambling.

###### 

Gambling-related perceptions and attitudes in weapon-carrying and non-weapon-carrying adolescents

                                                                      Non-weapon-carrying   Weapon-carrying                        
  ------------------------------------------------------------------- --------------------- ----------------- ----- ------ ------- ---------
  Perceived parental perception of gambling                                                                                50.4    \<.0001
   Disapprove                                                         636                   44.4              175   34.9           
   Neither approve nor disapprove                                     694                   48.4              237   47.2           
   Approve                                                            104                   7.3               90    17.9           
  Importance for preventing gambling problems in teens                                                                             
   Checking identification for purchasing lottery tickets                                                                  59.98   \<.0001
    Not important                                                     248                   15.4              169   30.5           
    Important                                                         1,361                 84.6              386   69.5           
  Hanging out with friends who do not gamble                                                                               44.21   \<.0001
   Not important                                                      382                   23.9              213   38.7           
   Important                                                          1,213                 76.1              338   61.3           
  Participating in activities that are fun and free of gambling                                                            80.4    \<.0001
   Not important                                                      238                   14.9              178   32.5           
   Important                                                          1,357                 84.8              370   67.5           
  Fear of losing valuable possessions, close friends, and relatives                                                                
   Not important                                                      147                   9.2               126   22.9   68.35   \<.0001
   Important                                                          1,444                 90.8              425   77.1           
  Advertisements that show the problems associated with gambling                                                                   
   Not important                                                      327                   20.7              201   36.7   55.59   \<.0001
   Important                                                          1,252                 79.3              347   63.3           
  Not having access to Internet gambling at home                                                                           33.35   \<.0001
   Not important                                                      522                   32.9              255   46.7           
   Important                                                          1,064                 67.1              291   53.3           
  Parent/guardian strictness about gambling                                                                                47.53   \<.0001
   Not important                                                      282                   17.8              174   31.8           
   Important                                                          1,303                 82.2              373   68.2           
  Warning from adults in family                                                                                            52.39   \<.0001
   Not important                                                      281                   17.8              177   32.5           
   Important                                                          1,302                 82.2              367   67.5           
  Warning from, or listening to, peers                                                                                     68.07   \<.0001
   Not important                                                      256                   16.2              179   32.8           
   Important                                                          1,320                 83.9              367   67.2           
  Having parents who do not gamble                                                                                         65.19   \<.0001
   Not important                                                      291                   18.4              192   35.2           
   Important                                                          1,292                 81.6              354   64.8           
  Learning about the risks of gambling in school                                                                           53.62   \<.0001
   Not important                                                      339                   21.5              204   37.3           
   Important                                                          1,241                 78.5              343   62.7           
  Learning about the risks of gambling from parents                                                                        63.53   \<.0001
   Not important                                                      258                   16.3              176   32.2           
   Important                                                          1,325                 83.7              370   67.8           
  Learning about the risks of gambling from peers                                                                          48.73   \<.0001
   Not important                                                      314                   19.9              190   34.5           
   Important                                                          1,267                 80.1              360   65.5           
  Adults not involving kids in gambling                                                                                    83.88   \<.0001
   Not important                                                      235                   14.9              180   32.9           
   Important                                                          1,343                 85.1              367   67.1           
  Parent/guardian not permitting card games (for money) at home                                                            20.09   \<.0001
   Not important                                                      529                   33.5              242   44.2           
   Important                                                          1,051                 66.5              306   55.8           
  Family concern                                                                                                           9.44    0.0021
   No                                                                 1,387                 88.4              453   83.3           
   Yes                                                                182                   11.6              91    16.7           

Health/functioning measures {#S4c}
---------------------------

Logistic and multinomial logistic regression analyses of health/functioning data are shown in Table [3](#T3){ref-type="table"}. Among weapon-carrying adolescents, those with ARPG compared to NG were more likely to report smoking tobacco regularly (*p* = .04) and heavy current alcohol use (*p* = .02). Within non-weapon-carriers, those with LRG and ARPG compared to NG were more likely to report lifetime marijuana use (both *p* \< .001), smoking tobacco occasionally (*p* = .001; *p* \< .001) and regularly (*p* = .01; *p* = .002), lifetime alcohol use (both *p* \< .001), and moderate (*p* = .03; *p* = .04) and heavy alcohol use (*p* = .03; *p* = .04). Non-weapon-carriers with ARPG compared to NG were more likely to report lifetime other drug use (*p* = .004). The proportion of health/functioning responses for each gambling group stratified by weapon-carrying status is shown in Table [4](#T4){ref-type="table"}. Group differences were found for extracurricular activities and lifetime marijuana and other drug use for weapon-carriers and non-weapon-carriers, current smoking, and alcohol use in non-weapon-carriers, and dysphoria/depression in weapon-carriers.

###### 

Multivariate-adjusted analyses of problem gambling severity and health/functioning measures stratified by weapon-carrying status

                               Non-weapon-carrying   Weapon-carrying   Interaction OR (WC vs. NWC)                                                                                                           
  ---------------------------- --------------------- ----------------- ----------------------------- ----------------- -------- ----------------- -------- ----------------- ------ ----------------- ------ -----------------
  Extracurricular activities   1.40\*                \[1.05--1.87\]    1.88\*\*\*                    \[1.28--2.77\]    2.19\*   \[1.07--4.49\]    2.01     \[0.97--4.16\]    1.51   \[0.71--3.22\]    1.26   \[0.56--2.80\]
  Grade average                                                                                                                                                                                              
   A's and B's                 Ref.                  Ref.              Ref.                          Ref.              Ref.     Ref.                                                                         
   Mostly C's                  1.14                  \[0.84--1.53\]    1.50\*                        \[1.01--2.10\]    1.73     \[0.76--3.97\]    1.64     \[0.71--3.82\]    1.54   \[0.64--3.70\]    1.11   \[0.45--2.74\]
   D's or lower                0.84                  \[0.53--1.31\]    1.37                          \[0.81--2.33\]    1.32     \[0.53--3.29\]    1.65     \[0.66--4.13\]    1.58   \[0.57--4.33\]    1.14   \[0.40--3.24\]
  Substance use                                                                                                                                                                                              
   Marijuana use, lifetime     1.75\*\*\*            \[1.29--2.37\]    2.31\*\*\*                    \[1.60--3.33\]    0.79     \[0.36--1.71\]    1.6      \[0.73--3.53\]    0.45   \[0.20--1.03\]    0.72   \[0.31--1.7\]
   Other drug use, lifetime    1.96                  \[0.96--3.99\]    3.26\*\*                      \[1.47--7.22\]    1.12     \[0.44--2.84\]    2.21     \[0.88--5.58\]    0.59   \[0.18--1.90\]    0.64   \[0.19--2.11\]
  Smoking, current                                                                                                                                                                                           
   Never                       Ref.                  Ref.              Ref.                          Ref.              Ref.     Ref.                                                                         
   Occasionally                1.79\*\*\*            \[1.27--2.52\]    2.88\*\*\*                    \[1.92--4.32\]    1.07     \[0.46--2.50\]    1.61     \[0.68--3.81\]    0.63   \[0.25--1.55\]    0.66   \[0.26--1.68\]
   Regularly                   1.89\*\*              \[1.18--3.02\]    2.48\*\*                      \[1.40--4.37\]    1.27     \[0.49--3.25\]    2.69\*   \[1.04--6.98\]    0.67   \[0.23--1.91\]    1.06   \[0.36--3.16\]
  Alcohol use, lifetime        3.87\*\*\*            \[2.72--5.49\]    4.10\*\*\*                    \[2.58--6.52\]    2.08     \[0.54--8.04\]    1.65     \[0.44--6.23\]    0.63   \[0.16--2.57\]    0.57   \[0.14--2.31\]
  Alcohol use, current                                                                                                                                                                                       
   Never regular               Ref.                  Ref.              Ref.                          Ref.              Ref.     Ref.                                                                         
   Light                       1.23                  \[0.76--1.98\]    1.33                          \[0.75--2.37\]    1.73     \[0.48--6.19\]    3.05     \[0.82--11.31\]   1.39   \[0.357--5.38\]   2.05   \[0.50--8.41\]
   Moderate                    1.75\*                \[1.04--2.94\]    1.91\*                        \[1.03--3.54\]    1.44     \[0.46--4.53\]    3.16     \[0.97--10.24\]   0.84   \[0.24--2.92\]    1.60   \[0.43--5.90\]
   Heavy                       3.61\*                \[1.10--6.20\]    3.45\*\*                      \[1.50--10.43\]   2.93     \[0.57--14.97\]   7.18\*   \[1.38--37.52\]   1.14   \[0.18--7.25\]    1.88   \[0.28--12.57\]
  Dysphoria/depression         1.3                   \[0.93--1.82\]    2.39\*\*\*                    \[1.57--3.62\]    0.62     \[0.28--1.39\]    1.23     \[0.55--2.74\]    0.48   \[0.20--1.14\]    0.51   \[0.21--1.25\]
  Body mass index                                                                                                                                                                                            
   Underweight                 Ref.                  Ref.              Ref.                          Ref.              Ref.     Ref.                                                                         
   Lean                        0.93                  \[0.60--1.45\]    0.95                          \[0.53--1.69\]    0.35     \[0.043--2.80\]   0.23     \[0.03--1.85\]    0.34   \[0.04--2.87\]    0.25   \[0.03--2.12\]
   Overweight                  0.63                  \[0.37--1.07\]    0.82                          \[0.42--1.61\]    0.52     \[0.06--4.90\]    0.28     \[0.03--2.69\]    0.74   \[0.07--7.44\]    0.32   \[0.03--3.37\]
   Obese                       0.83                  \[0.41--1.68\]    1.21                          \[0.51--2.84\]    0.47     \[0.04--5.84\]    0.25     \[0.02--3.15\]    0.55   \[0.04--7.46\]    0.25   \[0.02--3.57\]

*Note.* ARPG: at-risk/problem gambling; LRG: low-risk gambling; NG: non-gambling; WC: weapon-carrying; NWC: non-weapon-carrying; OR: odds ratio; Reference Category: Non-Gambling Group.

\**p* ≤ .05. \*\**p* ≤ .01. \*\*\**p* ≤ .001.

###### 

χ^2^ analyses of problem gambling severity and health/functioning proportions stratified by weapon-carrying status

                                   Non-weapon-carrying   χ^2^   *p*   Weapon-carrying   χ^2^   *p*                                                                   
  -------------------------------- --------------------- ------ ----- ----------------- ------ ------ ------- -------- ---- ------ ----- ------ ----- ------ ------- ------
  Any extracurricular activities   258                   71.3   758   77.3              290    80.6   9.2     .01      21   47.7   196   71.5   211   75.1   13.96   .001
  Grade average                                                                                       13.35   .01                                            4.92    .300
   A's and B's                     229                   64.9   596   62.3              187    53.4                    20   46.5   98    36.7   95    35.2           
   Mostly C's                      89                    18.1   281   57.2              121    34.6                    11   25.6   108   40.4   100   37             
   D's or lower                    35                    9.9    80    8.4               42     12                      12   27.9   61    22.8   75    27.8           
  Substance use                                                                                                                                                      
   Marijuana use, lifetime         84                    25.1   348   37.9              142    42.8   25.06   \<.001   26   66.7   152   57.6   193   71.7   11.8    .003
   Other drug use, lifetime        11                    3.7    49    6.4               27     10.1   9.77    .01      9    26.5   53    23.8   84    35.7   8.05    .020
  Smoking, current                                                                                    27.47   \<.001                                         9.06    .060
   Never                           266                   76.2   614   63.6              206    58.9                    16   40     111   42     83    30.9           
   Occasionally                    56                    16.0   231   23.9              102    29.1                    12   30     84    31.8   89    33.1           
   Regularly                       27                    7.7    121   12.5              42     12                      12   30     69    26.1   97    36.1           
  Alcohol use, lifetime            234                   69.4   820   88.7              291    86.6   71.1    \<.001   39   92.9   246   95.3   255   94.4   0.54    .760
  Alcohol use, current                                                                                11.66   .07                                            7.86    .250
   Never regular                   54                    40.3   194   30.2              64     26.8                    10   40     54    26.2   36    18.9           
   Light                           42                    31.3   189   29.4              73     30.5                    4    16     50    24.3   44    23.2           
   Moderate                        31                    23.1   194   30.2              73     30.5                    6    24     62    30.1   63    33.2           
   Heavy                           7                     5.2    66    10.3              29     12.1                    5    20     40    19.4   47    24.7           
  Dysphoria/depression             65                    19.1   195   20.9              82     24.2   2.8     .25      13   31     58    22.4   87    33.5   8.03    .020
  Body mass index                                                                                     8.56    .20                                            3.82    .700
   Underweight                     36                    11.4   98    11.1              29     9.1                     1    2.7    17    7.1    21    9.3            
   Lean                            204                   64.8   608   69.0              203    63.8                    27   73.0   152   63.1   147   64.8           
   Overweight                      56                    17.8   124   14.1              62     19.5                    7    18.9   50    20.7   39    17.2           
   Obese                           19                    6      51    5.8               24     7.5                     2    5.4    22    9.1    20    8.8            

*Note.* ARPG: at-risk/problem gambling; LRG: low-risk gambling; NG: non-gambling.

Both weapon-carrying and non-weapon-carrying adolescents with LRG compared to NG were more likely to report having extracurricular activities (*p* = .03; *p* = .02), while non-weapon-carrying adolescents with ARPG compared to NG were more likely to report extracurricular activities (*p* = .001). Non-weapon-carriers with ARPG compared to NG were more likely to report a grade average of mostly C's (*p* = .04) and dysphoria/depression (*p* \< .001). No significant interactions between weapon-carrying status and problem gambling severity were found. The proportions of substance use behaviors for each problem gambling criteria level stratified by weapon-carrying status are shown in Table [5](#T5){ref-type="table"}. Among weapon-carriers and non-weapon-carriers, problem gambling severity levels were associated with greater frequencies of lifetime marijuana and other drug use (all *p*s \< .01). In addition, symptom levels were associated with greater proportions of smoking tobacco regularly in weapon-carriers (*p* \< .001).

###### 

χ^2^ analyses of problem gambling criteria levels and substance use proportions by weapon-carrying status

                             Non-weapon-carrying   χ^2^   *p*   Weapon-carrying   χ^2^   *p*                                                                                           
  -------------------------- --------------------- ------ ----- ----------------- ------ ------ ---- ------ ------- -------- ----- ------ ----- ------ ---- ------ ---- ------ ------- --------
  Marijuana use, lifetime    348                   37.9   91    37.9              29     49.2   22   66.7   13.67   .003     152   57.6   87    61.7   35   72.9   71   88.8   28.1    \<.001
  Other drug use, lifetime   49                    6.4    11    5.9               8      16.7   8    23.5   20.92   \<.001   53    23.8   23    18.9   15   34.1   46   66.7   55.9    \<.001
  Smoking, current                                                                                          7.09    .31                                                        46.03   \<.001
   Never                     614                   63.6   151   59.7              35     56.5   20   57.1                    111   42     56    39.7   15   31.3   12   15             
   Occasionally              231                   23.9   73    28.9              21     33.9   8    22.9                    84    31.8   54    38.3   16   33.3   19   23.8           
   Regularly                 121                   12.5   29    11.5              6      9.7    7    20                      69    26.1   31    22.0   17   35.4   49   61.3           
  Alcohol use, lifetime      820                   88.7   208   87.4              52     86.7   31   81.6   2.14    .54      246   95.3   133   95.0   46   93.9   76   93.8   0.41    .94
  Alcohol use, current                                                                                      15.27   .08                                                        13.34   .15
   Never regular             194                   30.2   52    29.4              9      21.4   3    15.0                    54    26.2   24    20.5   8    23.5   4    10.3           
   Light                     189                   29.4   56    31.6              12     28.6   5    25.0                    50    24.3   30    25.6   4    11.8   10   25.6           
   Moderate                  194                   30.2   52    29.4              16     38.1   5    25.0                    62    30.1   41    35.0   11   32.4   11   28.2           
   Heavy                     66                    10.3   17    9.6               5      11.9   7    35.0                    40    19.4   22    18.8   11   12.6   14   35.9           

*Note.* Criteria: criteria level for problem gambling.

Gambling characteristics {#S4d}
------------------------

The results of logistic and multinomial logistic regression analysis of gambling characteristics data are shown in Table [6](#T6){ref-type="table"}. Among both weapon-carrying and non-weapon-carrying adolescents, ARPG compared to LRG group was more likely to report: non-strategic gambling (*p* = .02; *p* = .03), machine gambling (*p* \< .001; *p* = .01), online gambling (all *p*s \< .001), gambling on school grounds (both *p* \< .001), casino gambling (both *p* \< .001), pressure as a trigger for gambling (both *p* \< .001), anxiety as a trigger for gambling (both *p* \< .001), gambling for excitement (both *p* \< .001), financial reasons (both *p* \< .001), escape (both *p* \< .001) and social reasons (*p* = .02; *p* \< .001), and gambling for ≥2 hr per week (both *p* \< .001).

###### 

Multivariate-adjusted analyses of problem gambling severity and gambling characteristics stratified by weapon-carrying status

                               Non-weapon-carrying   Weapon-carrying   Interaction OR \[WC vs. NWC\]                                  
  ---------------------------- --------------------- ----------------- ------------------------------- ----------------- ------------ ----------------
  Gambling types                                                                                                                      
   Strategic                   2.13\*                \[1.13--4.01\]    1.00                            \[0.46--2.20\]    0.51         \[0.19--1.34\]
   Non-strategic               1.37\*                \[1.03--1.81\]    1.66\*                          \[1.10--2.48\]    1.20         \[0.75--1.93\]
   Machine                     1.56\*\*              \[1.15--2.13\]    3.56\*\*\*                      \[2.25--5.41\]    2.17\*\*     \[1.31--3.60\]
  Gambling locations                                                                                                                  
   Online                      2.68\*\*\*            \[1.92--3.74\]    3.64\*\*\*                      \[1.75--4.00\]    0.92         \[0.55--1.55\]
   School                      4.66\*\*\*            \[3.46--6.28\]    3.19\*\*\*                      \[2.14--4.74\]    0.74         \[0.45--1.21\]
   Casino                      3.86\*\*\*            \[1.74--4.68\]    5.15\*\*\*                      \[2.86--9.29\]    1.70         \[0.81--3.57\]
  Triggers for gambling                                                                                                               
   Pressure                    2.97\*\*\*            \[1.87--4.71\]    8.70\*\*\*                      \[3.95--19.16\]   2.38         \[0.97--5.80\]
   Anxiety                     20.27\*\*\*           \[6.80--60.42\]   10.22\*\*\*                     \[4.19--24.95\]   0.45         \[0.11--1.78\]
  Reasons for gambling                                                                                                                
   Excitement                  3.40\*\*\*            \[2.57--4.49\]    3.18\*\*\*                      \[2.18--4.63\]    0.98         \[0.62--1.55\]
   Financial reasons           3.39\*\*\*            \[2.54--4.42\]    2.78\*\*\*                      \[1.87--4.12\]    0.84         \[0.52--1.36\]
   Escape                      11.80\*\*\*           \[4.87--28.59\]   6.03\*\*\*                      \[2.70--13.46\]   0.47         \[0.15--1.50\]
   Social reasons              1.86\*\*\*            \[1.41--2.45\]    1.55\*                          \[1.07--2.24      0.82         \[0.52--1.29\]
  Gambling partners                                                                                                                   
   Family                      1.55\*\*              \[1.18--2.03\]    0.86                            \[0.59--1.25\]    0.57\*       \[0.36--0.90\]
   Friends                     2.41\*\*\*            \[1.71--3.40\]    0.94                            \[0.61--1.45\]    0.37\*\*\*   \[0.22--0.64\]
   Other adults                3.64\*\*\*            \[2.47--5.37\]    1.41                            \[0.90--2.22\]    0.37\*\*\*   \[0.21--0.67\]
   Strangers                   5.92\*\*\*            \[3.29--10.66\]   3.51\*\*\*                      \[1.99--6.21\]    0.63         \[0.28--1.39\]
   Alone                       4.52\*\*\*            \[2.77--7.38\]    2.57\*\*                        \[1.37--4.81\]    0.66         \[0.31--1.43\]
  Weekly time spent gambling                                                                                                          
   1 hr or less                Ref.                  Ref.              Ref.                                                           
   ≥2 hr                       6.06\*\*\*            \[3.93--9.37\]    3.39\*\*\*                      \[2.12--5.42\]    0.55         \[0.29--1.03\]
  Age of onset of gambling                                                                                                            
   ≤8 years old                Ref.                  Ref.              Ref.                                                           
   9--11 years old             1.08                  \[0.62--1.86\]    0.99                            \[0.54--1.81\]    0.87         \[0.39--1.93\]
   12--14 years old            0.67                  \[0.41--1.09\]    0.95                            \[0.57--1.61\]    1.36         \[0.68--2.73\]
   ≥15 years old               0.63                  \[0.38--1.03\]    0.53\*                          \[0.28--0.99\]    0.83         \[0.39--1.80\]

*Note.* ARPG: at-risk/problem gambling; LRG: low-risk gambling; WC: weapon-carrying; NWC: non-weapon-carrying; OR: odds ratio; CI: confidence interval; Reference category: low-risk gambling.

\**p* ≤ .05. \*\**p* ≤ .01. \*\*\**p* ≤ .001.

Among non-weapon-carrying adolescents, the ARPG relative to the LRG group was more likely to report: strategic gambling (*p* = .02) and gambling with family (*p* = .002), friends (*p* \< .001), other adults (*p* \< .001), strangers (*p* \< .001), and alone (*p* \< .001). In weapon-carriers, the ARPG relative to the LRG group was more likely to report gambling with strangers (*p* \< .001) and alone (*p* = .003). In addition, weapon-carriers with APRG compared to LRG were less likely to report gambling initiation at ages ≥15 years old (*p* = .05). Significant interactions between weapon-carrying status and problem gambling severity were found for: gambling with family (*p* = .02), friends (*p* \< .001), and other adults (*p* = .001) and machine gambling (*p* = .003). After inverse-transforming ORs less than 1 (1/OR), weapon-carriers with ARPG versus those with LRG were 1.75 \[1/(OR = 0.57)\] times less likely to gamble with family, and 2.7 \[1/(OR = 0.37)\] times less likely to gamble with friends or other adults, relative to non-weapon-carriers.

Whereas a greater likelihood of weapon-carrying has been observed in boys ([@B31]), gambling behaviors in male adolescents showed similar interactions between problem gambling severity and weapon-carrying (Supplementary Table S1). Weapon-carrying with ARPG as compared to weapon-carrying with LRG was 2.15 times more likely to be associated with machine gambling, and 1.72 \[1/(OR = 0.58)\], 3.8 \[1/(OR = 0.26)\], and 2.8 \[1/(OR = 0.36)\] times less likely to be associated with gambling with family, friends, or other adults, respectively.

Discussion and Conclusions {#S5}
==========================

A recent call to action highlighted the critical importance for understanding the relationship between problem gambling and violence and advocated for greater support for research in prevention of health and behavioral risks associated with gambling ([@B49]). This is one of the first studies, to our knowledge, that investigated self-reported gambling perceptions, gambling characteristics and health/functioning correlates, of problem gambling severity among adolescents who endorsed or denied carrying a weapon, as well as the interaction effects between weapon-carrying and problem gambling severity in behavioral correlates. In line with the first hypothesis, weapon-carrying status was associated with problem gambling severity, with a larger proportion endorsing ARPG among weapon-carrying adolescents, relative to non-weapon-carrying adolescents. Supporting the second hypothesis, weapon-carriers had more permissive perceptions of gambling, and a larger proportion rated prevention methods as not important, relative to non-weapon-carriers. The third hypothesis was partially supported as the associations between problem gambling severity and several gambling characteristics, but not health/functioning measures, were different among weapon-carriers and non-weapon-carriers.

The association between problem gambling severity and weapon-carrying is consistent with previous studies of adolescents ([@B8]; [@B14]; [@B35]; [@B42]). Weapon-carrying in youth has been suggested to indicate "violent lifestyles" that include substance use, violence, and antisocial behavior as described by the problem behavior theory ([@B18]; [@B31]). Whether weapon-carrying directly supports the development of gambling habits or whether problem gambling promotes violence including weapon-carrying to manage the consequences of gambling behaviors (or other possibilities) is unclear. Previous research on the relationship between problem gambling and criminal activity suggested that individuals with gambling problems may engage in illegal acts to support gambling ([@B1]; [@B28]; [@B45]). As criminal activities often involve delinquent and antisocial behaviors ([@B26]), it is possible that adolescents initiate weapon-carrying consequent to existing problem gambling to maintain gambling behaviors. However, further research is necessary to elucidate the pathway between weapon-carrying and problem gambling and possible gambling-related motivations for weapon-carrying.

ARPG and weapon-carrying may also be associated through overlapping determinants of problem behaviors. Problem gambling has previously been shown to co-occur with antisocial personality disorder and conduct disorder, and their association was predominately explained by common genetic factors ([@B43]). Both problem gambling and antisocial behavior have been individually associated with impulsivity ([@B24]; [@B29]), and significant proportions of variance in gambling, problem gambling, and antisocial behavior have been explained by risk-accepting tendencies including impulsivity, sensation seeking, and poor self-control ([@B28]). Inasmuch as behavioral regulation develops throughout adolescence, findings from the National Longitudinal Study of Adolescent Health indicated that weapon-carrying likelihood was highest during age 15--17 years, and declined by age 18--21 years ([@B20]). This is consistent with this study findings of lower weapon-carrying likelihoods in Grade 12 students. Similarly, previous reports on our sample demonstrated that early-onset gambling (prior to 12 years old) was associated with a higher likelihood of ARPG (43%) relative to later-onset gambling (32%; [@B37]).

Weapon-carrying adolescents reported more permissive attitudes toward gambling across multiple measures. Of note, a lower proportion of weapon-carrying adolescents rated methods that involved parents not engaging in and not exposing children to gambling as not important in preventing gambling problems. Adolescents who perceive family members as participating in, and being more permissive of, gambling may themselves regard gambling as more acceptable and less harmful, which may increase the risk of problem gambling ([@B6]; [@B52]). We found that weapon-carrying adolescents were less likely to report having parents who disapproved of gambling and more likely to report having a family member with concerning levels of gambling. It is possible that perceptions of permissive attitudes toward gambling and modeling of gambling behaviors by parents may foster permissive attitudes toward similar gambling behaviors that co-occur with weapon-carrying in adolescents.

Parental permissive attitudes toward, and engagement in, gambling may be indicative of broader problems in parenting behavior. We found that a greater proportion of weapon-carriers rated parental monitoring and involvement items, including parent/guardian strictness about gambling and learning about the risk of gambling from parents, as not important. In addition to parental modeling of gambling behaviors, poorer monitoring of, lower trust of and poorer communication with adolescent children was previously associated with problem gambling severity ([@B27]). Weapon-carrying youth previously reported poorer parent--child relationships and permissive parenting including low parental monitoring and support ([@B5]). More permissive and non-supportive parenting may foster development of permissive attitudes toward gambling among weapon-carrying adolescents, and amplify the risk of problem gambling. The relationship between weapon-carrying, parenting behavior, and gambling attitudes may be considered in the development of prevention programs for problem gambling. Inclusion of metrics for weapon-carrying, as well as permissive parenting behavior including low monitoring and involvement, may help identify youth at especially high risk of problem gambling. Emphasizing the importance of building strong parent--child relationships may be next steps for preventing co-occurring problem behaviors and risk of problem gambling.

The association between ARPG and gambling characteristics was similar between weapon-carrying and non-weapon-carrying adolescents with the exception of relationships with machine gambling and gambling with family, friends, and other adults. The association between ARPG and gambling with family, friends, and other adults was stronger in non-weapon-carriers compared to weapon-carriers. In contrast to non-weapon-carriers, the lack of associations between ARPG and gambling with familial and adult social partners in weapon-carriers suggests their problem gambling may be less influenced by social gambling, and rather contingent on asocial or solitary gambling. Indeed, gambling with strangers and alone were the only gambling-partner variables associated with ARPG in weapon-carrying adolescents. Although not statistically different from non-weapon carriers, the odds of gambling for social reasons were numerically lower among weapon-carriers with ARPG. Furthermore, the association between ARPG and machine gambling was significantly greater in weapon-carriers, compared to non-weapon-carriers. Engagement in machine gambling (e.g., playing slot machines, poker machines, or other gambling machines) as well as online gambling has been suggested to shift individuals from social to asocial forms of gambling and increase interindividual isolation ([@B15], [@B16]). As gambling in severe problem gamblers was previously described as a "solitary activity," it has been hypothesized that machine gambling and emerging electronic gambling technologies, through its asocial context, may increase gambling problems ([@B15]). The extent to which such solitary tendencies in conjunction with weapon-carrying and gambling problems may lay the foundation for current or future violent acts (e.g., intimate partner violence and shootings that have been linked to gambling, isolation, and access to weapons) requires further research ([@B38]; [@B49]). Although it is important to note that different jurisdictions may have different regulations regarding gambling, there are often similarities in relationships between risk behaviors. Similar to alcohol use, gambling may occur at young ages. Within the US, 20%--86% middle- and high-school students previously gambled, especially on gambling machines ([@B17]). Reviews of international studies highlighted machine gambling as among the most prevalent gambling types in several countries, and this form was associated with more gambling-related problems ([@B4]).

On the whole, the results suggest that weapon-carrying adolescents may represent a high-risk subgroup for ARPG characterized by asocial behavior. Important next steps for problem gambling and violence prevention may focus on the importance of building supportive relationships with family and peer groups and education on risky social contexts. Future problem gambling assessments may also include weapons involvement to explore the underlying core features shared by gambling and violence. These findings may inform preventions including mindfulness-based therapies that may reduce the risk of gambling problems and violence ([@B9]; [@B19]).

The study has multiple strengths and limitations. Given the numbers of adolescent participants in each problem-gambling-severity-by-weapon-carrying group, power to detect certain interactions between a large numbers of factors at once is limited. The weapon-carrying measure did not differentiate between types of weapons or weapon-carrying locations (e.g., school and public), and did not account for whether weapon-carrying was related to bullying victimization or perpetration. Participants may be unwilling to report sensitive information on victimization and perpetration related to weapon-carrying. Recent evidence indicated that cyberbullying perpetration, but not victimization, was related to weapon-carrying 1 year later, while weapon-carrying prospectively predicted cyberbullying victimization, but not perpetration ([@B25]). Data from other reporters including parents were not available to verify self-reports. However, adolescents may not disclose sensitive information, including weapon-carrying, and report from others may not be particularly accurate. It is thus important for future research to examine weapon-carrying motivations and contexts as related to adolescent problem gambling severity. While the sample was collected from schools across Connecticut, generalizability to national or international contexts is limited. The data were collected in 2006, during a different gambling environment. The findings, however, may provide an important historical context for additional studies examining more current assessments of gambling behavior and perceptions, weapon-carrying, and health/functioning, which also are needed. Furthermore, the cross-sectional data limit elucidation of directional pathways between weapon-carrying, problem gambling severity, and their correlates. Longitudinal data will be needed to further explicate the mechanisms underlying the co-occurrence of weapon-carrying and problem gambling.

This is one of the first studies to demonstrate that weapon-carrying adolescents exhibited more permissive attitudes toward gambling, and had stronger associations between ARPG and machine gambling and weaker associations between ARPG and familial and peer gambling partners, compared to non-weapon-carrying adolescents. These findings reinforce the need to better understand the impact of social contexts and family--child relationships in the etiology of problem gambling and weapon-related violence. Prevention efforts in schools and communities that bolster secure relationships between adolescents and parents, and normative peers, and protect against solitary/asocial behaviors may be important for ameliorating risks of problem gambling and weapon-carrying.
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